Purpose : Detect any deviation in biologic and technologic characters of eight ameioticparthenogenetically cloned lines of Bombyx mori L. from different origins from a normal sexually reproduced control line in three generations. Methods : Comparative study of the three generations was conducted in SES, Vratza, unit of the National Center for Agrarian Sciences of Bulgaria after fixing all environmental rearing conditions. Results : The ameiotic-parthen-clones displayed good parthenogenetic development, although total hatchability was significantly less than the sexually reproducing control populations. Survival rates between clones and control were not significantly different. All clones displayed significantly longer larval periods. Slight decline in second generation, and a steeper one in the third generation were observed for all eight cloned lines in cocoon weight, shell weight, and shell ratio and these differences were statistically significant. Cocoon yield was significantly lower than the control throughout the three generations. Conclusions : Our parthen-cloning method has a high rate of success in comparison to other cloning methods, the cloned progeny populations although were weaker technologically (cocoon weight, shell weight, and shell ratio), the biological characters (parthenogenetic development and survival rate) were not compromised. Further study is needed to determine the thermal needs of the cloned embryos and metabolic rate of all stages.
INTRODUCTION
One of the goals of silkworm reproduction is to produce exact replicas of female genotypes by means of ameiotic parthenogenesis (1). Astaurov (2) noticed for the first time spontaneous parthenogenesis in silkworm Bombyx mori L. in the mid-1940s at a rate less than 0.1% and he started testing different factors that controlled and influenced this phenomenon. According to the same author (3) high aptitude for parthenogenetic development is determined multigenically and in most cases acts in a semidominant or dominant manner.
In an important advance for the field, Strunnikov (4) developed the technique for inducing spontaneous parthenogenesis by thermal disruption of the meiotic spindles at the first reduction division. All his experiments were conducted on pure races, but Vasileva and Tzenov (5,6) received improved results when applying this technique to hybrid silkworm moths, originating from crossing Japanese and Chinese type races. Heat induced meiotic parthenogenesis duplicates the genotype of the mother, the hatched offsprings are only female and with identical genotypes (7) (8) (9) (10) (11) (12) (13) . Different clones, produced by thermal disruption of meiosis, have been selected with high hatchability and pupation ratio (3, 5, 6, 11, (14) (15) (16) .
Ameiotic parthenogenetic clones produce identical female twins (ZW genotype). A clone line lacks genetic variation and accordingly phenotypic variations are exclusively due to environmental factors. During the initial construction of the clonal lines, genetic advances concerning the biological and quantitative characters were achieved by back crossing ameiotic parthenogenetic clones with full-sib males of the same batch (1, 17) .
The aim of the present study was to determine the manifestation of the biological and quantitative characters of eight-silkworm parthenogentic cloned populations at their third generation.
MATERIALS AND METHODS
The study was carried out during the period of 2001-2003 at SES, Vratza, a unit of the National Center for Agricultural Sciences of Bulgaria. Eight ameiotic-parthenogenetically cloned lines from different origins, viz. four Egyptian (Parthen 1 , Parthen 2 , E 11 , and E 12 ), two Bulgarian (Joanna and H 2 xS 1 -P) and two Ukrainian (P 11/22 and P 15/18 ) were used in the study. The control strain was a normal sexually reproducing line, 157-K.
Parthenogenetic clones were created through thermal disruption of meiosis as follows: the eggs were extracted from ovarioles of unfertilized virgin moths and we preserved them at 20-25
• C for 12 h before thermal treatment to induce parthenogenetic development. The extracted eggs were placed in a water bath at 46
• C temperature for 18 min; they were then immersed in water at 18
• C for 10 min. Then, the eggs were dried and preserved for 3 days at 15-17
• C and 80-90% RH as in Strunikov (11) . Subsequently the eggs were stored for 12 months according to the regime for silkworm egg preservation as shown in Table I . After this period the eggs were incubated according to the standard regime (Table II) for hibernated eggs.
Percentage of parthenogenetic development was determined by Astaurov's method (2) . Parthenogenetic lines were tested in two replications, beginning with 200 individuals counted after second molting. During the first three instars the larvae were reared under a polyethylene sheet and fed three times per day. During the 4th and 5th instars the larvae were fed two times per day with fresh mulberry leaves. Survival rates were calculated by the number of viable healthy cocoons obtained from 200 larvae counted just after the second molt. All parthenogenetic cloned lines and control strain have plain larva and white cocoons, the only exception is the Bulgarian parthen-clone, H 2 xS 1 -P, which has larval markings and white cocoon. ANOVA twofactor dispersion analysis was performed to determine effects and significances.
RESULTS AND DISCUSSION
Successful induction of parthenogenetic clones by thermal method varied among eight different lines of silkworms ranging from 77 to 89%, averaging about 85%, as demonstrated by change of eggs color similar to fertilized eggs. An average of 45% of the eggs completed development and healthy viable embryos were detected after hibernation and preincubation (Table III) . The Bulgarian hybrid parthenogenetic clone H 2 xS 1 -P line manifested significantly lower healthy eggs at 24.77% despite having the highest initial success rate at 89.33%; this line also exhibited the highest early embryonic death rate at 49%. High significance was exhibited between different stages (death in early and late embryonic stages and complete embryo genesis), however no significance was shown among the eight tested lines concerning these phases.
Egg hatchability ranged from 26.54% for line E 11 in 2001 to 94.49% for line E 12 during 2003 (Table IV) . In contrast, sexually fertilized eggs had more than 99% hatching, despite using the same standard regimes for both types of eggs. Differences in hatchability between successive years did not prove to be statistically significant, but the individual parthenogenetically cloned lines were statistically different from each other, with a P-value of 0.006.
Several authors (1, 13) have demonstrated that hatchability is influenced by the regimes used for egg preservation and subsequent incubation. It is possible that parthenogenetic embryos have different requirements than that determined for sexually produced embryos. In addition, it should be noted that parthenogenetically developing eggs are all female whereas sexually produced eggs are a mixture of male and female offspring. These considerations suggest that the thermal regime used for normal sexually fertilized may have to be adapted to fit the requirements of the parthenogenetically produced embryos. Further studies will have to be performed to determine the proper preservation conditions.
We analyzed a number of additional features relative to the control line of silkworms for further characterizing these parthenogenetically derived cloned lines. Survival rate is determined by resistance to the adverse conditions as described by Petkov and Penkov (18) (20) . In our experiment we used the most commonly accepted rearing protocol as the standard regime (21) . On average, the developmental time needed for the sexually reproduced 157-K control line for the 3 years of experiments was within the international average duration of 665 h, the ameiotic-parthenogenetic clones had longer larval duration by 29-68 h (Table VI) . Clone H 2 xS 1 -P had the shortest larval duration (704 h) among the cloned lines, which is probably due to the hybrid origin of this line, because hybrids usually manifest shorter life cycles than pure inbred races. High statistically significant difference was found between generations and between lines concerning larval duration. We noted that all of the parthenogencially-derived clones had longer instars, molting, and spinning durations.
Individual cocoon weight varied between cloned lines from 1.742 to 2.216 g (Table VII) , which suggests that weight depends upon genetic background differences among the cloned lines. A statistically significant decline in this important quantitative character in the third generation was exhibited by all lines except E 11 and H 2 xS 1 -P. The control pure line maintained its values during the three generations. The lower standard deviation for the clone individuals corresponds to their absolute genetic homogeneity, as compared to the control animals. Similarly, shell weights exhibited the same pattern of statistically significant decline in value during successive generations for all parthenogenetic clones with a P-value of 0.003 (Table VIII) . The decline pattern was 0.395 > 0.383 > 0.302 g in average for all parthenogenetic lines in the three successive generations. There was also a similar tendency for the shell ratio, which is the ratio of the silk shell in relation to the whole cocoon weight, to decline in successive generations from 19.90 to 19.27 to 17.34 at P value of 0.03 (Table IX) . It should be noted that the silk shell determines the amount of energy the silkworm spares for the pupal protection Finally, the cocoon yield per box (containing 20,000 ± 200 eggs) was determined for each clone line and control. This value, which combines both silkworm biological and cocoon technological characters, showed statistically significant differences between lines with a P-value of 0.033 (Table X) . The different genetic background used for constructing different lines is assumed to be responsible for this phenomenon. The productivity of the eight parthenogenetic cloned lines was considerably lower than the sexually fertilized control.
CONCLUSION
Our parthen-cloning method has a high rate of success in comparison to other cloning methods. Ameiotic parthenogenetical clones were tested for main silkworm biological and cocoon technological traits. Although there was good total parthenogenetic development, total hatchability was significantly less than the sexually fertilized control. Survival rate of clones and sexually reproduced control manifested no significant difference, and four out of the eight cloned lines had higher survival ratio than control. All clones manifested significantly longer larval duration.
Decline of individual cocoon weight, shell weight, and shell ratio in almost all eight lines was manifested in the direction generation 1 > 2 > 3 and differences were statistically proven. Difference between the parthenogenetically produced lines and the sexually reproduced control increased in the same direction and was steeper in the third generation. The cocoon yield was significantly lower than the sexually reproduced control during the three generations.
Further study is needed to determine the thermal needs of the cloned embryos and metabolic rate of all stages.
